Objective To compare the accuracy of digital axillary thermometer (DAT), rectal glass mercury thermometer (RGMT) and infrared forehead skin thermometer (IFST) measurements made by mothers and physicians in healthy newborns. Methods The body temperature measurements of 120 healthy newborns were made on their 2nd day of life using DAT, RGMT and IFST, first by mothers followed by a designated physician. Correlation analysis was performed for the measurements obtained by mothers and the physician. The presence of a former child or children at home, the educational level of the mother and maternal age were also recorded. Results No correlation was observed between the measurements made by mothers and the physician using RGMT (R 2 00.096). The temperatures measured by mothers and the physician showed a significant correlation when a DAT and IFST were used (R 2 00.923, p<0.001; R 2 00.916, p<0.001, respectively).
Introduction
Body temperature is one of the most important vital signs in newborn infants. Measurements of body temperature in childhood are generally made to detect the presence of fever, and in neonates to evaluate whether or not the infant is capable of maintaining body temperature [1] . The most reliable and suitable method for measuring body temperature in children has long been the focus of research. Mercury thermometers have been abandoned due to the serious health consequences associated with mercury [2] . Today, research is mainly focused on comparing non-invasive methods for measuring body temperature with regard to comfort, efficacy and infection control [3] .
Infrared forehead skin thermometers (IFST) are among the most recent additions to the many available methods, and have become quite popular both at home and in health care facilities for the determination of body temperature in children, including newborns. Such thermometers are now preferred by many centers due to the non-contact nature of measurements, short measuring times and ease of use [4] . However, recent conflicting results have raised doubts regarding the accuracy and reliability of such thermometers [5] .
The aim of this study was to investigate any differences between measurements performed by mothers and physicians in newborns, using three different thermometers; rectal glass mercury thermometers (RGMT), digital axillary thermometers (DAT) and IFST.
Material and Methods
This study was undertaken in the Maternity Unit at Zekai Tahir Burak Maternity Teaching Hospital, a large tertiary center located in Turkey, where the mothers and newborns are cared for in the same ward, with approval of the local ethics committee. Informed consent was obtained for all the participants. The level of education and maternal age was recorded for each participant, and the presence of other children in the home was also noted.
Mothers were first given instructions on the use of a Thermoflash LX-26 (Visiomed, Mountreuil, France) infrared skin, PlusMED PM-101 (PlusMED, NordrheinWestfalen, Germany) digital mercury and conventional mercury-in-glass thermometers. Instructions were repeated until the physician was confident the mothers were familiar with the temperature measurement procedure using all three methods. All neonates were in rooming-in care beside their mothers, therefore no warming device was used. The environmental temperature was 22-24°C (room temperature) when the study was conducted.
All temperature readings were taken sequentially from each newborn by the same physician and mother during the second day of life on infants who did not show any signs of illness. Each educated mother was asked to measure her child's rectal temperature using a conventional RGMT under observation of a physician, and the same process was repeated by a designated physician. This was followed by measurement of axillary temperature using a DAT, again first by the mother and then by the physician. Final measurements were made using an IFST. IFST was calibrated before use according to manufacturer's instructions. A time of 2 min was needed for rectal measurements with mercury-inglass thermometer, approximately 3 min with digital mercury thermometers and nearly 2 s with infrared thermometer. For each infant, all measurements (by mother and physician) were completed within 10-12 min.
The mean absolute difference between the parents' reading and the consecutive readings by the physician using the same thermometer was calculated. A difference of 0.5°C or more was considered clinically significant, and the number of times this occurred for each of the three methods was noted as a percentage of total measurements for the same thermometer.
Statistical analyses were performed by SPSS for Windows version 15.0 and MedCalc 9.2.0.1. Values for continuous variables are given as mean ± standard deviation, whereas categorical variables are provided as frequencies and percentages. Pearson correlation coefficient was used for correlation analyses. All measurements were plotted using scatter graphs. Agreement of measurements by mothers and physician were evaluated by Bland-Altman plot. A p-value of less than 0.05 was considered indicative of statistical significance.
Results
During the study period, complete measurements were obtained for 120 healthy newborns (68 boys and 52 girls), with a mean gestational age of 38.6±1.7 wk and a mean birth weight of 3324±738 g. The average maternal age of participants was 28.1±5.2 y.
The means, standard deviations and range of temperature measurements made by mothers and physicians using each thermometer are summarized in Table 1 . Measurements made by mothers did not correlate with those made by the physician using RGMT (Fig. 1a, R 2 00.096). Temperatures measurements by mothers and the physician were significantly correlated for both DAT and IFST (Fig. 1b, R 2 0 0.923, p<0.001; Fig. 1c, R 2 00.916, p<0.001, respectively). Bland-Altman plots were constructed for each thermometer using mean values for temperature measurements. Initial analysis revealed measurements made by mothers to be lower than those made by the physician by 0.01 and 0.02°C, respectively for IFST and DAT. This difference was deemed statistically insignificant. For measurements made by a RGMT, values recorded for mothers were lower by a mean value of 0.3°C than those noted by the designated physician. Using RGMT measurements made by the designated physician as a reference, upper and lower limits within a 95% confidence interval for measurements made by mothers were either 1.16°C above or 1.76°C below the correct reading. Measurements made by the physician using an RGMT correlated poorly with those made using a DAT (r 00.299, p 00.001) and an IFST (r00.231, p00.011). Measurements made by mothers showed strong correlation with measurements made by the physicians in DAT (r 00.961, p 0<0.001) and IFST (r 00.950, p 0<0.001), but poor correlation in RGMT (r 00.310, p00.01).
In terms of educational level of the mothers, 43 (35.8%) had graduated from high school whereas 18 (15%) were university graduates. The remaining 59 (49.2%) reported at least completing primary education. For 32 (26.7%) of the mothers, the newborns included in the study were their firstborns, while 56 (46.7%) of the mothers reported having one more child. The remaining 32 mothers (26.6%) had given birth to 3 or more children prior to participation in the study.
The strength of correlation between measurements made by mothers and the designated physician increased with the level of education. However, a similar trend was not observed with the number of children previously born to the mothers.
Discussion
According to the American Academy of Pediatrics (AAP), a body temperature of 97°-100.4°F (36.1°-38°C) is considered normal [1] . Maintaining body temperature is essential for healthy neonatal growth and development. It is for this reason that regular measurement of body temperature using an accurate and precise technique is one of the most basic and essential aspects of neonatal care.
Thermometers used in newborn infants have to be safe, non-invasive and non-traumatic; while at the same time should be user-friendly and hygienic in a way to that is culturally acceptable by the general population [6] . As such, the goal of the present study was to evaluate the advantages to mothers using an IFST and a DAT to measure neonatal body temperature, by comparing them to a RGMT.
Traditionally, mercury-in-glass thermometers have been the most common devices used for measuring body temperature. However, difficulty in reading and the length of time needed for Fig. 1 Scatter plot of the difference between temperatures measured by mothers and the physician using the same rectal glass mercury thermometer (a), digital axillary thermometer (b) and infrared forehead skin thermometer (c) calibration associated with conventional thermometers has led to the widespread use of more practical digital thermometers. In recent years, a novel group of thermometers known as IFST were introduced, and in a short period have become very popular in both hospitals and the general community [7] [8] [9] . Although mercury-in-glass thermometers are still in use, especially in developing countries, the use of digital, tympanic and infrared forehead skin thermometers are gradually increasing.
Rectal temperature measurement with a glass mercury thermometer is widely considered to be more accurate than axillary measurements for the determination of body temperature in newborns [10, 11] . In a previous report, Fulbrook et al. [12] suggested that rectal temperatures are consistently higher than temperatures taken at other sites possibly due to increased metabolic activity. In another study, Hissink et al. [13] observed wide variations in the mean difference between axillary and rectal temperature in newborns. In a systematic review, Craig et al. [14] concluded that the difference between temperature readings at the axilla and rectum using glass mercury thermometers showed a wide variation between studies. In the present study, the authors observed a statistically significant, albeit weak correlation between measurements made using axillary thermometers (DAT) and those made by rectal (RGMT) thermometers (r00.299, p00.001).
In a recent study by Can et al. [15] the authors concluded that non-contact infrared thermometers should not be recommended for the assessment of neonatal body temperature in the intensive care setting. This was reiterated by Uslu et al. [16] in their study where they demonstrated a poor correlation between temperature readings made by axillary glass mercury thermometers and IFST in hospitalized newborns. They reported on a statistically and clinically significant mean difference in measurements. In the present study, DAT and IFST measurements showed a stronger correlation when compared to RGMT measurements for health newborns (r00.510, p<0.001; r00.299, p00.001, respectively). The present findings suggest that IFSTs could be used for the determination of body temperature in newborns outside the hospital setting.
In the presence of fever, initial measurements are almost exclusively made by a parent, and in most cases by mothers. There is a common belief that measurement of the body temperature made by health care professionals are more reliable than those made by parents. Although there are numerous studies comparing different methods for body temperature measurement, the authors only encountered one study on newborns comparing measurements made by physicians and mothers [17] .
Generally, rectal temperature should be higher than axillary temperature since rectal thermometer measures core body temperature. Although mothers were trained, the present study did not reveal a strong correlation between physicians and mothers in RGMT. This might be the result of challenges in the technique. Also such rectal temperature should not be measured by untrained personal without supervising since it may result in rectal perforation. Based on present findings, it would seem that use of RGMT by mothers would be unsuitable, and that DATs and IFSTs are more practical options that are easier to apply and interpret. DATs, however, need to be placed in the axillary region for at least 3 min, which could pose a challenge in newborns. On the other hand, IFSTs require only 2 s to obtain a reading from a newborn's forehead, and could thus be recommended for this purpose. Mothers seem to be able to measure the body temperature of their newborn babies with IFST more reliably than with DAT and RGMT.
